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SLOTTED CYLINDER ANTENNA 
BACKGROUND OF THE INVENTION 

Statement of the Technical Field 

[0001] The inventive arrangements relate generally to methods and apparatus for 
antennas, and more particularly to slotted cylinder antennas. 

Description of the Related Art 

[0002] The use of mobile telephones, such as cellular telephones, has become 
pervasive throughout much of the world. While being operated, most modern cellular 
telephones are held very close to the human body, for example next to a user's ear or 
on the user's belt. Cellular telephones typically interface with communications networks 
by receiving and transmitting low power RF signals through a dipole antenna. However, 
such signals are often disrupted by the proximity of the antenna to the human body. In 
particular, current state of the art antennas produce near electric fields that couple to 
the polar water molecules in human tissue, thereby reducing signal strength. For 
example, human tissue can attenuate a 960 MHz RF signal transmitted by a 
conventional dipole antenna at a rate of 6 dB per inch. 

[0003] Further, many experts believe that the interaction of the RF signals with a 
person's tissue can have dangerous health hsks. Some contend that the RF signals 
can interfere with the body's natural electrical systems. This reaction can vary 
depending on the individual, but there is speculation that the RF signals can harm a 
person's immune system and spur cancer development. It also has been alleged that 
RF signals from cellular telephones can interfere with brain activity, accounting for the 
symptoms of memory loss, changes in blood pressure, anxiety and lack of 
concentration. Accordingly, there exists a need for an antenna that can be used in 
mobile communications systems to improve RF signal propagation and reduce the 
interaction between RF signals and the human body. Moreover, there exists a need for 
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an antenna that will operate with low VSWR, stable tuned frequency, and high efficiency 
when the antenna operates near water and moist soils. 
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SUMMARY OF THE INVENTION 

[0004] The present invention relates to an antenna for RF communications. The 
antenna includes a radiating member that is substantially tubular so as to define a cavity 
therein. The radiating member is made of a conductive material having a non- 
conductive slot extending from a first portion of the radiating member to a second 
portion. For example, the non-conductive slot can extend along a length of the tubular 
structure. 

[0005] An impedance matching device is electrically connected to the radiating 
member to match an impedance of the radiating member with an impedance of a signal 
source or an impedance of a load. The impedance matching device can be connected 
to the second portion of the radiating member. In one embodiment, the impedance 
matching device can include a transverse electromagnetic (TEM) feed coupler. 

[0006] A conductor operatively connects the radiating member to the impedance 
matching device. The impedance matching device, the conductor, and at least a portion 
of the radiating element can formed from a single conductive sheet, or molded or 
extruded as a single conductive structure. Further, the impedance matching device and 
the radiating element can have a common cross sectional profile. 

[0007] The antenna can further include at least one capacitor that includes at least 
a first conductive lead and a second conductive lead. The first conductive lead can be 
connected to the radiating member proximate to a first side of the non-conductive slot, 
and the second conductive lead can be connected to the radiating member proximate to 
a second side of the non-conductive slot. In one arrangement, the capacitor can be a 
variable capacitor. The field impedance of the antenna can be less than 0 ± 2] ohms. 
The absolute value of the field impedance of the antenna also can be less than 2 ohms, 
5 ohms, 10 ohms, 25 ohms or 50 ohms. 

[0008] The antenna can be arranged to produce a cardioid radiation pattern which 
has a radiation pattern having a general form of (1-cos^ 0). A null associated with the 
cardioid radiation pattern can be oriented toward a human body. 
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[0009] The antenna further can include an electrostatic shield member. The 
electrostatic shield member can have an axial slot extending from a first end of the 
electrostatic shield member to a second end of the electrostatic shield member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[001 0] FIG. 1 is a perspective view of a slotted cylinder antenna that is useful for 
understanding the present invention. 

[001 1 ] FIG. 2A is a top view of a slotted member of the antenna in FIG. 1 . 

[001 2] FIG. 2B is a bottom view of the slotted member of the antenna in FIG. 1 . 

[001 3] FIG. 3 is an exploded view of the antenna in FIG. 1 . 

[0014] FIG. 4 is a perspective view of an exemplary antenna housing for the 
antenna in FIG. 1. 

[001 5] FIG. 5A is a perspective view of an exemplary electrostatic shield which 
can be attached to a slotted cylinder antenna. 

[001 6] FIG. 5B is a perspective view of the electrostatic shield of claim 5A 
wherein the electrostatic shield is attached to a slotted cylinder antenna. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

f001 7] The present invention relates to a compact slotted cylinder antenna, which 
may be configured to have a omni-directional radiation pattern, a cardioid radiation 
pattern, or a hybrid of the two. The near field impedance of the antenna is significantly 
lower than the impedance of human tissue. Accordingly, the antenna can be operated 
in proximity to a human body without significant coupling between the antenna and the 
body. In consequence, the risk of harmful side effects on the body due to radio 
frequency (RF) energy propagated by the antenna is minimized. 

[0018] Further, radiation pattern nulls which can be caused by the human body 
are substantially reduced in comparison to other types of antennas. Specifically, the E- 
field component of the far fields produced by the slotted cylinder antenna are oriented 
substantially normal to the human body. In consequence, a portion of the far fields from 
the slotted cylinder antenna are guided along the surface of the body until they reach 
the side of the body opposite from the point of incidence. Accordingly, the depth of the 
radiation pattern null caused by the shadow of the human body is reduced. The 
conductivity (G) and relative permeability (pr) of the human body, which are 
approximately 1.0 mho/square and 50, respectively, cause surface wave propagation 
along the body. Surface wave propagation is well known to those skilled in the art. 

[0019] Referring to FIG. 1, a perspective view of an antenna 100 is shown. The 
antenna 100 can include a radiating member 102. The radiating member 102 can be 
made from an electrically conductive material, for example copper, brass, aluminum, 
steel, conductive foil, conductive plating, and/or any other suitable material. Further, the 
radiating member 102 can be substantially tubular so as to provide a cavity 104 at least 
partially bounded by the conductive material. As defined herein, the term tubular 
describes a shape of a hollow structure having any cross sectional profile. In the 
present example, the radiating member 102 has a rectangular cross sectional profile, 
however, the present invention is not so limited. Importantly, the radiating member 102 
can have any shape which can define a cavity 104 therein. For example, the radiating - 
member 102 can have a cross sectional profile that is round, square, triangular, or any 
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Other suitable shape. Additionally, the radiating member 102 may be either evanescent 
or resonant. 

[0020] The radiating member 102 can include a non-conductive slot (slot) 106. 
The slot 106 can extend from a first portion of the radiating member 102 to a second 
portion of the radiating member 102. For instance, the slot 106 can extend from a first 
end 108 of the radiating member 102 to a second end 110 of the radiating member 102. 
At least one capacitor 112 can be disposed between opposing sides 114, 1 16 of the slot 
106 to increase capacitance across the slot 106, which can reduce the resonant 
frequency of the radiating member 102. In a preferred arrangement, the capacitor 112 
can be adjustable to provide the capability to tune the resonant frequency of the 
antenna 100, as discussed below. 

[0021] Other methods also can be used to tune the resonant frequency of the 
antenna. For instance, holes can be drilled in the radiating -member 102. In another 
alternative arrangement, a metal disk can be positioned in the center of radiating 
member 1 02. To tune the resonant frequency of the antenna, the plane of the disk can 
be rotated to shade or partially shade the aperture of the cavity member 102. 

[0022] The radiating member 102 and/or the slot 106 can be dimensioned to 
radiate RF signals. The strength of signals propagated by the radiating member 102 
can be increased by maximizing the cross sectional area of the cavity 104, in the 
dimensions normal to the axis of the radiating member 102. Further, the strength of 
signals propagated by the slot 106 can be increased by increasing the length of slot 
106. Accordingly, the area of the cavity cross section and the length of the slot can be 
selected to achieve a desired radiation pattern. For example, the slot 106 and 
circumference of the radiating member 102 can be dimensioned to radiate a single 
lobed cardioid (Do = 1- cos^ 9) pattern, a circular (Do = constant) omnidirectional pattern, 
or a hybrid of the two. Such radiation patterns can be oriented about the axis of the 
radiating member 102, In one exemplary arrangement, a cardioid radiation pattern can 
be produced by providing the radiating member 102 with a width a approximately equal 
to V2 A, a depth b approximately equal to 1/20 A, and a length c approximately equal to 
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3/2 A, where A is a wavelength of a signal at the operational frequency of the radiating 
member 102. 

[0023] The (De = 1- cos^ 9) cardioid radiation pattern in particular can minimize 
coupling of RF signals. Such a radiation pattern produces a null when the angle 0 is 
approximately zero. The radiation pattern null can be directed towards a human, for 
instance an operator of a wireless communication device, to minimize coupling of RF 
signals to the human's body. The cardioid pattern also can be used to enhance 
antenna efficiency by directing RF signals away from the body. A portion of these RF 
signals could othenwise be dissipated in the tissue of the body. 

[0024] The antenna 100 also can include an impedance matching device 120 
disposed to match an impedance of the radiating member 102 with the impedance of a 
signal source and/or the impedance of a load (not shown). For instance, the impedance 
matching device can match the impedance of the radiating member 102 to a 
transceiver. According to one aspect of the invention, the impedance matching device 
120 can be a transverse electromagnetic (TEM) feed coupler. Advantageously, a TEM 
feed coupler can compensate for resistance changes caused by changes in operational 
frequency and provide constant driving point impedance, regardless of the frequency of 
operation. For example, the driving point impedance can be maintained at the 
appropriate impedance, for instance 50 ohms, to match the impedance of a transceiver. 
A single control tuning effect is thus realized, and broad bandwidth tuning is possible 
with low VSWR, solely by variation of the capacitor 202. Nonetheless, other suitable 
impedance matching devices can be used to match the parallel impedances of the 
radiating member 102 to a source and/or load and the invention is not so limited. For 
example induction loops, gamma match structures or any other device which can match 
the impedance of the radiating member 102 to a transciever. 

[00251 In the case that the impedance matching device 120 is a TEM feed 
coupler, the impedance matching performance of the TEM coupler is determined by the 
electric (E) field and magnetic (H) field coupling between the TEM coupler and the 
radiating member 102. The E and H field coupling, in turn, is a function of the 
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respective dimensions of the TEM coupler and the radiating member 102, and the 
relative spacing between the two structures. 

[0026] The impedance matching device 120 can be operatively connected to a 
source and/or load via a first conductor 130. For example, the first conductor 130 can 
be a conductor of a suitable cable, for instance a center conductor of a coaxial cable 
136. In the case that the impedance matching device 120 is a TEM coupler, the first 
conductor 130 can be electrically connected to a side 138 of the TEM coupler which is 
distal from a second conductor 134 which operatively connects the TEM coupler to the 
radiating member 102. Further, a third conductor 132 can operatively connect the 
radiating member 102 to the source and/or load. For example, the third conductor 132 
can be an outer conductor of the coaxial cable. 136. The third conductor 132 can be 
electrically connected to the radiating member 102 proximate to the gap 140 between 
the radiating member 102 and the impedance matching device 120. In one 
arrangement, the third conductor 132 can be electrically connected to the radiating 
member 132 as shown. Alternatively, the conductor 132 can be electrically connected 
to a slotted member 118, which can form a portion of the radiating member 102. The 
positions of where third conductor 132 and first conductor 130 are electrically connected 
to the respective radiating member can be selected to achieve a desired load/source 
impedance of the antenna. 

[0027] Current flowing between the first conductor 130 and the third conductor 
132 can generate the H field coupling the impedance matching device 120 and the 
radiating member 102. Further, an electric potential difference between the impedance 
matching device 120 and the radiating member 102 can generate the E field coupling. 
The amount of E field and H field coupling decreases as the spacing between the 
impedance matching device 120 and the radiating member 102 is increased. 
Accordingly, a gap 140 can be adjusted to achieve the proper levels E field and H field 
coupling. The size of the gap 140 can be determined empirically or using a computer 
program incorporating finite element analysis for electromagnetic parameters. 



{WPI 34751:5} 



9 



Docket No. GCSD-1405; H7344 



[0028] In a preferred arrangement, the impedance matching device 120, the 
second conductor 134, and at least a portion of the radiating member 102 can be 
formed from a single conductive sheet, molded as a single conductive structure, or 
extruded as a single conductive structure. Moreover, the impedance matching device 
120 can have a cross sectional profile which is similar or identical to the cross sectional 
profile of the radiating member 102. For example, the impedance matching device 120 
and the radiating member 102 can have at least one common dimension. In one 
arrangement, the impedance matching device 120 and the radiating member 102 can 
have two common dimensions, for instance width a and depth b. Such an arrangement 
can be very cost effective as the number manufacturing steps required to manufacture 
the antenna 100 can be minimized. 

[0029] The coaxial cable 136 can be disposed to feed through the cavity 104 of 
the radiating member 102. Accordingly, the radiating member 102 can operate as a 
sleeve balun for the coaxial cable, shielding the coaxial cable 136 from displacement 
currents and reducing common mode currents on the coaxial cable 136. Further, the 
coaxial cable can enter the cavity 104 near the first end 108 of the r radiating member 
102 while the impedance matching device 120 is disposed proximate to the second end 
110 of the radiating member 102 Such a configuration can minimize stray capacitance 
between the third conductor 132 and the impedance matching device 120, thereby 
further reducing common mode currents on the coaxial cable. Accordingly, the use of 
additional baluns to control radio frequency interference can be avoided. 

[0030] In an alternate arrangement, in lieu of the impedance matching device 
120, the radiating member 102 may be directly excited by an impedance matching 
device formed by providing a feed line (not shown) across an additional slot (not shown) 
within the radiating member 102. For example, the additional slot can be located on a 
second side 152 of the radiating member 102, opposite the slot 106. The feed line feed 
line can be connected across the additional slot to form a discontinuity feed. Notably, 
one or more capacitors can be operatively connected in parallel with the discontinuity 
feed to form a matching network. Accordingly, the value of the capacitors can be 
selected to achieve a desired driving point impedance for the antenna 100. For 
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instance, capacitors can be selected which, together with the discontinuity feed, provide 
a driving point impedance of 50 ohms. 

[0031] The slotted member 118 can include the slot 106 is shown in FIGS. 2A 
and 2B. FIG. 2A is a top view of the slotted member 118. As noted, the capacitor 112 
can be a variable capacitor to provide variable capacitance across the slot 106. 
Accordingly, the capacitor 112 can be provided with an adjustment screw 200. 

[0032] Referring to FIG. 2B, a bottom view of the slotted member 1 18 is shown. 
The capacitor 112 can include first and second conductive leads (leads) 202, 204 to 
connect the capacitor 1 12 to the opposing conductive surfaces of the slotted member 
118. For example, the leads 202, 204 can be soldered to respective opposing sides 
1 14, 1 16. Additional capacitors 210 having leads 212, 214 also can be provided to 
further increase the capacitance across the slot 106. Again, the leads 212, 214 can be 
soldered to the opposing sides 114, 116. 

[0033] The slotted member 118 can be fabricated as an integral part of the 
radiating member 102 , for example during a fabrication, extrusion or casting process. 
However, to simplify fabrication of the antenna, the slotted member 118 can be provided 
as a separate antenna section which is fixed to the remaining portion of the radiating 
member 102 after the capacitors 1 12, 210 are connected. Accordingly, the capacitors 
112, 210 can be easily accessible during assembly of the antenna 100. Once the 
capacitors 1 12, 210 have been installed, the slotted member 118 can be fixed to the 
radiating member. The slotted member 118 can be installed using any one of a myriad 
of techniques. For example, the slotted member 118 can be soldered into place, 
screwed into place, or glued into place using conductive glue, such as conductive 
epoxy. 

[0034] To further reduce manufacturing costs, the slotted member 118 can 
comprise a dielectric substrate 220 having a conductive metallization thereon. For 
instance, referring to FIGS. 2A and 2B, a top surface 222 and a bottom surface 224 of 
the slotted member can be metalized. Further, edges 226, 228 can be metalized to 
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provide electrical continuity between the top and bottom surfaces 222, 224. The slot 
106 can be a portion of the dielectric substrate 220 which is left unmetalized on both the 
top and bottom surfaces 222, 224, or etched after the metallization process. 

10035] An exploded view 300 of an antenna assembly is shown in FIG. 3. In 
addition to the radiating member 102 , impedance matching device 120, conductor 134, 
cable 136 and slotted element 118, the antenna assembly can further include an 
antenna casing 302 and cover 304. In the preferred arrangement, the antenna casing 
302 and cover 304 can be fabricated from a dielectric material. Further, the antenna 
casing 302 can include mounting tabs 306 and an aperture 308 through which the cable 
136 can be disposed. Notably, the relative permittivity and relative permeability of the 
antenna casing 302 and cover 304 should be considered when designing the antenna 
to insure proper antenna propagation characteristics. An enclosed antenna 400 
wherein the antenna is assembled in the casing 302 is shown in FIG. 4. 

[0036] Referring to FIG. 5A, the antenna 400 also can include an electrostatic 
shield member 502. The electrostatic shield member 502 can be made from an 
electrically conductive material, for example copper, brass, aluminum, steel, conductive 
foil, conductive plating, and/or any other suitable material. Further, the electrostatic 
shield member 502 can be substantially tubular so as to provide a cavity 504 at least 
partially bounded by the conductive material. In another arrangement, the electrostatic 
shield member 502 is realized by providing a conductive coating, conductive plating, or ^ 
conductive foil on the antenna casing 302. The electrostatic shield member 502 can 
include an axial slot 506 extending from a first end 508 of the electrostatic shield 
member 502 to a second end 510 of the electrostatic shield member. The slot 506 can 
prevent the electrostatic shield member 502 from providing a circumferentially 
continuous circuit around the antenna 400. Such a circumferentially continuous circuit 
can degrade the performance of the antenna 400. In a preferred arrangement, the slot 
506 is disposed to be proximate to the slot provided in the slot of the radiating member. 

[0037] The electrostatic shield member 502 optionally can be employed to further 
enhance the tuning stability of the antenna 400 by preventing parasitic capacitance from 
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loading the slot, which can change the resonant frequency of the antenna. Parasitic 
capacitance can be caused by the proximity of antenna 400 to metals or other materials 
of high electrical conductivity. In a preferred configuration, as shown in FIG. 5B, the slot 
506 of the shield member 502 is arranged so that the slot 506 is disposed on an 
opposite side 510 of the antenna 400 from a side where the slot 514 of the radiating 
member 516 is disposed, 

[0038] Antenna Operation 

[0039] Referring again to FIGS. 1, 2A and 2B, the operation of the antenna 100 
will now be described. Optimum antenna performance is obtained at the frequency at 
which antenna 100 resonates. The resonant frequency is a function of the inductive 
and capacitive loading of the slot 106. The cavity 104 may be evanescent and can 
inductively load the slot 106, while the slot 106 is capacitively loaded by the capacitance 
between the opposing sides 1 14, 116. The value of the inductive load L across the slot 
106 can be computed using the dimensions of the radiating member 102. For example, 
in the case that the radiating member 102 has a rectangular cross section, the inductive 
load can be determined by the equation L = 0.02339 [ (Si + sz) logio (2 si S2/b + c) - Si 
logio (Si + g) - S2 logio (S2 + g)] + 0.01010 [2g- (Si + S2)/2 + 0.447 (b + c)], where L is 
given in microhenries, Si is a width of a first side 150 of the radiating member 102, S2 is 
a width of the second side 152 of the radiating member 102, c is a length of the 
radiating member 102 measured from the first end 108 of the radiating member to the 
second end 110 of the radiating member 102, b is a wall thickness of the radiating 
member 102, and g is a diagonal length across the cross section of the cavity 104. 
Alternatively, the inductive load L can be determined using a computer program which 
performs electromagnetic field and wave analysis using the Periodic Moment Method, 
or empirically determined. For example, a known capacitance Ck can be connected 
across the slot 106 and the resonant frequency of the antenna 100 can be measured. 

The inductive load L then can be computed using the equation L = - — r-^-^ — . 
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[00401 The resonant frequency (/) of the antenna 100 can be computed by the 
1 

equation / = , where L is the inductive load provided by the cavity 104 and C 

is the capacitance across the slot 106. As noted, capacitors 1 12 and/or 210 can be 
provided to increase the capacitance across the slot 106 to achieve a desired resonant 
frequency. For example, the capacitance can be increased to decrease the resonant 
frequency, or the capacitance can be decreased to increase the resonant frequency. In 
the preferred arrangement, the capacitor 112 can be provided with enough adjustment 
to vary the resonant frequency of the antenna 100 over multiple octaves. 

[0041 ] Notably, the capacitor 112 and/or capacitors 210 can enable the antenna 
100 to operate efficiently at a frequency which is significantly lower than an antenna not 
having such capacitors across the slot 106. For example, without the capacitors, the 
antenna would require a large % or wave self-resonant cavity. In some applications, 
such a cavity would interfere with the antenna propagation pattern and cause nulls in 
certain propagation directions. However, the capacitors 112 and/or capacitors 210 can 
enable the cavity 104 to be significantly smaller than a >4 or V2 wave self resonant 
cavity. Accordingly, the size of the cavity 104 is small in comparison to the wavelength 
of the RF signals and hence does not cause a significant null in any propagations 
directions. Moreover, the antenna 100 can be manufactured small enough to be 
optimized for use in portable communication devices, such as cellular telephones, 
beepers, personal digital assistants, or any other device requiring an antenna, 
especially one which is physically small. 

[0042] Radiating member 102 may be reduced in size by the inclusion of 
ferromagnetic, paramagnetic or dielectric materials within the cavity 104. In particular, 

the propagation velocity of an electromagnetic signal is inversely proportional to , 

where // is the permeability and s is the permittivity of the medium through which the 
signal is propagating. Accordingly, as the permeability or permittivity is increased, the 
propagation velocity of a signal decreases, which reduces the wavelength of the signal 
for any given frequency. Thus, increasing the permeability and/or permittivity within the 
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cavity 104 increases the electrical size of the cavity, and thus reduces the cavities 
resonant frequency. 

[0043] There are a myriad of materials commercially available which can be used 
to increase the permeability and/or permittivity in the region defined by the cavity 106. 
For instance, ferrite, iron powder, or any other ferrous material can be disposed within 
the cavity to increase the permeability within the cavity. Further, polypropylene, 
polyester, polycarbonate, polystyrene, alumina, ceramics, dielectric fluids, or any other 
dielectric material having a dielectric constant greater than 1 can be disposed within the 
cavity 106 to increase the permittivity. 

[0044] In some instances it may be desirable to achieve a desired characteristic 
impedance within the cavity 106.- The characteristic impedance of a medium can be 

determined by the equation .^j^ . Accordingly, in the case that the dielectric cavity is 

filled with one or more materials, materials can be selected which provide an 
appropriate permeability and/or permittivity to achieve the desired characteristic 
impedance. In one arrangement, a variety of materials can rhixed to achieve a desired 
permeability and permittivity. For example, ferromagnetic particles can be mixed with 
dielectric particles. An example of such a material is an isoimpedance material, which 
has a relative permittivity equal to its relative permeability. 

[0045] In a preferred arrangement, the impedance between opposing sides 114, 
1 16 of the slot 106 is low. For example, the impedance between the opposing sides 
114, 116 can be less than 30 milliohms, which can be achieved by providing a radiating 
member 102 which is electrically conductive. In such a case, even though capacitors 
are provided across the slot 106, most of the current flow between the opposing sides 
1 14, 1 16 propagates through the conductive structure of the radiating member 102. 

[0046] Having a low impedance between opposing sides 114, 1 16 of the slot 106 
can result in a low voltage potential across the slot 106 when a signal is applied to the 
antenna 100, which correspondingly results in a small E-field component of the signal 
being propagated. Low impedance between opposing sides 114, 116 also can result in 
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an appreciable amount of current flow in the structure of the radiating member 102, 
thereby resulting in a significant H-field component. In consequence, the near field 



impedance {Zj^p) of the antenna, which is given by the equation Z^^, ^ , is low. For 

example, the near field impedance can be less than about 0 ± 2j ohms, and thus is 
significantly less than the impedance of human tissue, which has a relative permittivity 
near 50 and a relative permeability slightly less than 1 . The near field impedance also 
can have an absolute value less than 2 ohms, 5 ohms, 10 ohms, 25 ohms or 50 ohms. 

[0047] Since the relative permittivity of human tissue is significantly higher than 
the relative permeability, human tissue is much more susceptible to energy contained in 
an E-field than energy contained in an H-field. Accordingly, an RF signal having a low 
near field impedance (small E-field component and large H-field component) will have 
much less interaction with the human body than a high impedance RF signal (large E- 
field component and small H-field component) having the same amount of energy. 
Accordingly, the antenna 100 can be operated in proximity to a human body with 
significantly reduced coupling between the antenna 100 and the body in comparison to 
conventional dipole antennas. In consequence, the risk of harmful side effects on the 
body due to radio frequency (RF) energy propagated by the antenna is minimized. 
Further, nulls in the RF propagation pattern caused by the human body are substantially 
reduced. 

[0048] In addition to personal communication applications, the slotted cylinder 
antenna of the present invention can be used for a wide range of applications, for 
instance applications operating from the very low frequency (VLF) band up into the 
super high frequency (SHF) band. Of course, the size of the antenna should be 
selected for proper operation at the desired frequency. Notably, antennas for use at 
frequencies from the VLF band up into the high frequency (HF) band tend to be 
physically large and difficult to elevate. In consequence, such antennas are typically 
installed and operated near moist soils or bodies of water. Because the slotted cylinder 
antenna of the present invention operates with a low near field impedance, the antenna 
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can operate near the soil or water with high radiation efficiency and tuning stability, 
without the need for grounding systems or a metallic counterpoise. 

[0049] Another advantage of the low near field impedance design is that it makes 
the voltage standing wave ration (VSWR) of the antenna much more stable in the 
presence of icing. Specifically, ice is a dielectric having a relatively high permittivity and 
low permeability. For instance, the relative permittivity of ice can be higher than 3, while 
the permeability of ice can be approximately 1 . As such, ice stores much E-field 
energy, but interacts insignificantly with H-fields. Hence, although ice can severely 
degrade the performance of an antenna having a high near field impedance, ice does 
not significantly effect the performance of the antenna 1 GO since it can be adjusted to 
have a low near field impedance. This feature can be very beneficial for use in cold 
climates, especially for use as a television transmitting antenna, for which low VSWR 
performance is essential. In particular, no deicing radome is required for use with the 
present invention to compensate for ice formation proximate to the antenna 100. 

[0050] While the preferred embodiments of the invention have been illustrated 
and described, it will be clear that the invention is not so limited. Numerous 
modifications, changes, variations, substitutions and equivalents will occur to those 
skilled in the art without departing from the spirit and scope of the present invention as 
described in the claims. 
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